
Once the percentile ranks have been determined,

look up the z score that has the corresponding percen-

tile rank.

a. For percentile ranks less than 50, this will be the

negative z score, which has an area beyond itself

equal to the percentile rank. For example, if the

percentile rank of a raw score is 16, the z score that

has 16% of the distribution below it is −1.00.

b. For percentile ranks greater than 50, subtract 50 from

the PR and look up the z score that has the remaining

percentage between itself and the mean. For exam-

ple, if the percentile rank of a raw score is 84, we

would look up the z score that has 34% of the distri-

bution between itself and the mean. This z score

is +1.00. (Occasionally, you may find a table of the

cumulative normal distribution in which the relation-

ship between percentile ranks and z scores can be

read directly.)

c. You now have a set of z scores that has been forced

into a normal distribution by being assigned values

corresponding to the percentile ranks of the normal

distribution. To obtain T scores, multiply each z score

by 10, then add 50. That is,

Tj = 10(Zj)+ 50:

Area-transformed z scores can be converted into

any arbitrary metric (e.g., mean of 100, SD of 20;

mean of 500, SD of 100) using the following formula

Aj = SDAZj +MA,

where

Aj is the transformed score of raw score j in an arbi-

trary scale,

SDA is the standard deviation of the chosen arbitrary

scale,

Zj is the area-transformed z score for the particular raw

score,

MA is the mean of the chosen arbitrary scale.

It is possible to apply any linear transformation to

normalized z scores. For example, essentially all intelli-

gence tests report their scores as normalized scores

with a mean of 100 and a standard deviation of 15.

Other commonly used scales apply a mean of 100 and

an SD of 20 (Armed Forces tests) or a mean of 500

and an SD of 100 (SAT scores). When a test publisher

has applied an area normalization to the standardization

data for a test, a table of equivalent scores will be pro-

vided to convert raw scores directly into normalized

standard scores in the publisher’s chosen metric.

These transformed scores are identical to T scores

except for the final metric. Normalized scores have

the advantage over raw scores or simple linear

transformations in that there is a link between the

normalized score and percentiles, making normative

interpretation easier. T scores and other transforma-

tions of normalized z scores have the advantage over

percentile ranks that they can be treated more plausi-

bly as representing an interval scale of measurement.

It is appropriate to perform an area-normalizing

transformation whenever one has reason to believe

that the underlying property as it exists in nature has

a normal distribution and that one’s measurement pro-

cess is responsible for the non-normality. For exam-

ple, there is reason to believe that intelligence is

normally distributed in the general population, but

if the test being used contains items that cluster at

an ability level at one extreme of the distribution,

a skewed distribution would result. In such a case,

area normalization would be appropriate. However,

some characteristics, such as reaction time, are likely

to have skewed distributions in nature. When this is

the case, area normalization is not appropriate, but

a nonlinear transformation of the original scores such

as a logistic or arcsin transformation would be appro-

priate and may yield normally distributed scores as

a precursor to further statistical analysis.

Robert M. Thorndike

See also Descriptive Statistics; Inferential Statistics;

Statistical Significance

Further Readings

McCall, W. A. (1922). How to measure in education. New

York: Macmillan.

Thorndike, R. M., & Thorndike-Christ, T. (2008).

Measurement and evaluation in psychology and education

(8th ed.). Upper Saddle River, NJ: Prentice Hall.

TEACHING STRATEGIES

Teaching strategies are the procedures, processes,

activities, and tools used to assist in learning. These

strategies encompass a wide range of approaches and
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actions and are situated across a variety of contexts.

Instructors and teachers use teaching strategies to

enhance learning from preschool through college set-

tings. Many other professionals and laypersons use

teaching strategies, from parents teaching a child

how to ride a bike, to physicians teaching interns

about medicine, to mechanics teaching apprentices

how to repair a car.

There is a wide range of teaching strategies avail-

able to those involved in helping others learn. The

type of teaching strategy used will vary according to

the students’ characteristics; the learning task; the sit-

uation; the context demands; and the knowledge and

skills of the ‘‘teacher,’’ whether that person is a parent,

professor, or mechanic. Most effective teachers and

instructors will use a variety of teaching strategies,

after carefully considering all of the factors that affect

instruction.

In the following sections, a brief history of the

development of teaching strategies is provided, as well

as a description of a variety of teaching strategies,

including instructor- and student-centered options. New

developments in technology and teaching are also

discussed.

Historical Contributions
to Teaching Strategies

Interest in effective teaching strategies has been

a focus of discussion and research for hundreds of

years. Perhaps one of the earliest teaching strategies

was described by Plato in Socratic Dialogues. Plato

described what has come to be known as the Socratic

method of teaching, which is a variant of a strategy

used by Socrates. Still used today as a teaching strat-

egy, the Socratic method is a dialectic method of

teaching that involves dialogue and questioning,

emphasizing the exchange of ideas and suppositions

that then transforms knowledge itself.

Many significant contributions to our knowledge

of teaching strategies have been made in the past two

centuries, continuing today with exciting new devel-

opments (e.g., brain research). John Dewey was an

American psychologist, philosopher, and educator

whose contributions to the field of education continue

to be evident today in many teaching approaches.

Although he wrote extensively on many different

topics (e.g., democracy, human conduct, logic), his

contributions to the field of education focused on

teaching approaches. Dewey felt that content area

subjects should be integrated when taught and that

experiential education—learning by doing—was the

most effective way to teach. He also believed that tea-

chers should emphasize critical thinking as opposed

to memorizing facts, and that problem solving and

inquiry were two concepts that should be embedded

in instruction.

Ivan Pavlov’s work in the 1920s and the research of

Edward Thorndike and B. F. Skinner have also had

a profound effect on the development of teaching strat-

egies. Pavlov studied stimuli and responses in an effort

to understand learning and is famous for discovering

classical conditioning involving involuntary responses.

Thorndike and Skinner expanded Pavlov’s research by

examining learned (voluntary) behaviors and were

major contributors to the research on operant condi-

tioning. They examined the antecedents and conse-

quences of behavior. Thorndike discovered that any

behavior is more likely to be repeated if it results in

a positive outcome (the law of effect). Skinner studied

the antecedents of behavior, the behavior itself, and

the consequences of behavior and is generally viewed

to be the founder of behavior modification. These

researchers contributed to the foundation of teaching

strategies based on the principles of behaviorism.

Jean Piaget and Lev Vygotsky contributed to the

development of teaching strategies based on cognitive

and social interaction learning theories. After studying

how children learn, Piaget theorized that humans

go through four stages of cognitive development:

sensorimotor, preoperational, concrete operational, and

formal operational. How one thinks becomes more

sophisticated at each stage, and therefore, Piaget pos-

ited that teaching strategies would need to be adapted

to each stage. Although Piaget found that social trans-

mission (learning from others) was an important aspect

of learning, he did not focus on language and communi-

cation as the primary vehicle for learning.

As Vygotsky examined learning, he theorized that

not only were social interactions a key to learning, they

created learning. His research on language, culture, and

cognitive development was a significant contribution to

the sociocultural theory of learning. Vygotsky felt that

through interactions with those around them, children

co-construct knowledge. One key element in the group

co-construction of knowledge is having less capable

students work with more capable students or adults.

The more capable person (e.g., teacher) can enhance

the less capable students’ learning by providing

scaffolding; that is, support during the learning task.
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Scaffolding is a common term in teaching and learning

and refers to visual and verbal prompts and supports

that facilitate learning. Many constructivist teaching

strategies and approaches to teaching are based on

Piaget’s and Vygotsky’s ideas and theories.

Building on the social-cognitive theories of

learning, Albert Bandura, a Ukrainian-Canadian psy-

chologist, developed the social learning theory. His

research revealed the power of modeling as a tool for

learning. Bandura found that learning occurs from

observing others and from being reinforced for learn-

ing successes. His research also focused on self-

efficacy, or the belief that one has about one’s ability

to perform satisfactorily. These beliefs affect the lear-

ner’s perception of a task, as well as the motivation to

attempt a task.

Jerome Bruner, an American psychologist, focused

on how students understood the conceptual underpin-

nings of knowledge. He was interested in how to

structure instruction so that conceptual understanding

was achieved. Whereas Piaget felt that learning was

determined by what stage one occupied, Bruner’s

research concluded that learning was not dependent

on one’s stage (or age), but on environmental and

experiential factors. Therefore, the way in which

instruction was organized and what was emphasized

during instruction were keys to improving learning.

Inquiry and discovery learning teaching strategies

grew out of Bruner’s work on using inductive reason-

ing to improve students’ deep understanding of con-

cepts and structures of knowledge.

Research has also focused on how concepts and

ideas are taught, as opposed to how the learner dis-

covers or constructs knowledge. Whereas Bruner

focused on inductive reasoning as a path to learning,

David Ausubel, an American psychologist, focused

on deductive reasoning to enhance learning. Ausu-

bel’s research resulted in the development of more

direct teaching strategies. Expository teaching strate-

gies that emphasize using verbal information to help

learners understand concepts, particularly the use of

advance organizers, have grown from Ausubel’s stud-

ies. Advance organizers are tools used by instructors

to help learners organize new and existing informa-

tion. Constructed and presented before students are

expected to learn new concepts, they provide an

external scaffold upon which students can develop

internal schemas to classify and construct knowledge.

Another educational researcher who focused on

the organization and delivery of instruction, Siegfried

Engelmann, investigated methods of teaching that

would enhance the learning of students challenged by

poverty and educational barriers. Engelmann devel-

oped approaches to instruction not based on Piaget’s

idea of stages or on the discovery learning ideas of

Bruner but rather on how to set up learning experi-

ences so that all students are actively involved, they

are given many opportunities to respond, and during

which teachers continually assess student performance

and provide feedback. After conducting several large-

scale research projects, Engelmann developed the

direct instruction method of teaching based on effective

instructional components including homogeneous small

group instruction, carefully designed instruction, active

responding, and frequent feedback and correction.

From this very brief overview of the historical

foundations of teaching strategies, several themes

emerge. There are differences in the ways learning is

perceived, from those that focus on stages of develop-

ment to those that focus on the interactions between

the learner and the type of instruction. These differ-

ences are reflected in the diversity of teaching strate-

gies used today.

Examples of Effective
Teaching Strategies

Most teaching strategies have emerged from the

research done on learning. The logic is that if learning

occurs under certain circumstances, such as in a group

dialogue or from observing, then teaching strategies

should match those circumstances. As a result, teach-

ing strategies have been classified according to a wide

range of criteria. Student-centered, inquiry-oriented,

constructivist, direct instruction, and cognitive are

some of the categories used to describe teaching strat-

egies, all of which emanate from philosophical and/or

research-based perspectives on learning and teaching.

This discussion includes two broad categories of teach-

ing strategies: instructor-centered and student-centered.

In instructor-centered teaching strategies, the instructor

takes an active and engaged role throughout the teach-

ing process. Of course, all instructors are most effective

when they are actively engaged regardless of the teach-

ing strategy being used. However, a key distinction

between instructor- and student-centered strategies is

the direct and continual involvement of the instructor

throughout the learning process in instructor-centered

strategies. In the category of student-centered teach-

ing strategies, the instructor may take on the role of
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observer, guide, facilitator, or even mediator during the

learning process, leaving aspects of the learning to

occur within and among the students. Student-centered

teaching strategies involve similar planning and prepa-

ration efforts on the part of the instructor, but less

direction and control during the learning process.

Instructor-Centered Teaching Strategies

Expository Teaching Strategies

Expository teaching strategies involve the instructor

verbally leading and engaging students in the learning

process. These strategies include the traditional lecture

method or smaller, mini-lectures/presentations. In the

traditional lecture teaching strategy, certain elements

are associated with positive learning outcomes: gaining

attention and generating anticipation, presenting the

objective of the lesson/lecture, stimulating background

knowledge and review of previously addressed mate-

rial, verbal explanation of the concepts or ideas, provid-

ing examples that lead to learning, providing practice

opportunities and feedback, assessing the learning, and

summarizing.

When using expository teaching strategies, the

instructor must first gain the learners’ attention and

generate interest in the topic. Many techniques can be

used to achieve this, such as posing a problem of inter-

est or asking a provocative question—both of which

should be of interest to the audience and related to the

topic. Concrete or visual items can be presented, such

as a model, an example, or a picture to stimulate inter-

est. Next, the instructor provides the objective for the

lesson so that students can understand the ultimate

purpose of the lesson and also follow a mental route to

that end. The instructor then connects that objective

or topic to previously learned material and/or to the

students’ background knowledge.

During the verbal explanation of the topic, the instruc-

tor can, of course, talk. But most instructors recognize

the power of using additional strategies at this point.

For example, visual aids such as graphic organizers,

semantic maps, charts, curriculum webs, graphs, video

clips, pictures, and diagrams all enhance the learning

process. A clear sequence that flows from concept to

concept, reconnecting previously discussed ideas and con-

tinually offering examples and clarifications, enhances

learning. The instructor then offers practice opportunities

for students, such as writing exercises, lab experiments,

math problems, questions, or case study examples. Prac-

tice opportunities can range from 1-minute writes, to short

questions posed for limited discussions among peers, to

more complex and involved practice items that may or

may not be accomplished in one lesson. Students can be

assigned to or form self-chosen groups to accomplish

the practice. During practice, the instructor provides

feedback and error correction. If a concept is very new

to students, then the instructor offers more frequent

feedback and correction. During practice, the instructor

should be assessing students’ understanding. Assess-

ment can also be accomplished through a question-and-

response period led by the instructor or by evaluating

the outcomes of the practice activities. At the conclu-

sion of the expository lesson, the instructor summarizes

by restating the lesson objective and reviewing the con-

cepts addressed.

Mini-lessons/presentations are structured in the

same manner as standard exposition. The difference is

that the verbal explanation (i.e., the actual lecturing)

comprises only a small proportion of the lesson and

the student practice time is extended. Mini-lessons

work well with younger students and those with atten-

tion difficulties, or when a longer lecture is just not

possible due to time constraints.

Interactive-Expository Teaching Strategies

Similar to expository teaching strategies, the

interactive-expository strategies are sequenced in the

same manner, but additional elements such as interac-

tive questioning (e.g., using the Socratic method),

modeling, and high levels of student responding are

embedded in the lesson. The Socratic method as it is

used today can best be described as a discussion in

which the leader (teacher) poses questions to students,

and then responds to student input with additional ques-

tions designed to facilitate student engagement and

active knowledge construction. Like Socratic methods,

most interactive-expository strategies contain elements

that resemble more of an interactive dialogue with the

students than a traditional lecture. The instructor uses

student responses and input during the lesson to adjust

the pace and content of the exposition. Students are

encouraged to participate in the dialogue by discuss-

ing topics with their peers, writing responses (e.g., the

1-minute write), posing questions, completing graphic

organizers, constructing semantic maps, or paraphrasing

content presented. In ‘‘instructional conversations,’’ the

instructor builds understanding among the students by

mediating student dialogue so that the students are actu-

ally co-constructing their knowledge and understanding

Teaching Strategies 965



through the conversations. The instructor poses ques-

tions, elaborates on students’ comments, and redirects

students’ input to achieve the learning outcomes.

Modeling

Modeling is a powerful teaching strategy that can

take many forms and be embedded into any learning

experience. However, modeling a task (e.g., measuring

volume), a procedure (e.g., making a chemical solu-

tion), or the production of an ideal product (a research

paper) should contain verbal explanations that clarify

and enhance learning. The verbal explanations do not

require a lecture per se, but can be short explanations

of what the instructor is doing and why, while empha-

sizing the expected outcome. Some refer to these short

explanations as ‘‘think alouds.’’ For example, a science

teacher might model an entire scientific procedure from

start to finish as he or she verbally explains his or her

thinking, purpose, and expected outcome. An English

teacher may model the process of writing a paper,

starting with the outline, while explaining his or her

thinking to the students. After modeling the process,

the instructor may show an example of the product—

a well-written paper—at which time the instructor

points out the critical attributes of a quality product.

Modeling may be used to show students parts of

a task, with student practice following each modeling

session. If a task is complex and in-depth, and the stu-

dents have little background knowledge, often the

instructor will model components of the task, have stu-

dents attempt that component, and then, based on how

the students performed, either move on to the next

modeling session or repeat the first modeling session.

Direct Instruction

Direct instruction teaching strategies include homo-

geneous small group instruction, high rates of student

responses, frequent feedback from the instructor and

error correction, brisk pacing, sequenced lessons, and

instructor scaffolding. Small groups that consist of stu-

dents working at the same level in a given area, such as

word decoding, algebraic understanding, reading com-

prehension, or grammatical skills, are identified through

assessment and formed for instruction. It should be noted

that these are not long-standing groups, such as the

traditional ability groups. These types of small, similar-

skill-level groups will change as students become more

proficient. Students may master concepts and move to

different instructional groups at different rates.

In direct instruction, the lessons are sequenced care-

fully so that new skills and concepts are introduced

only after students have mastered the prerequisite

knowledge or skills. Students continue to practice mas-

tered skills but are confronted with only a limited num-

ber of new concepts in each lesson. They are provided

with carefully constructed examples and nonexamples

of the concept or skill. While working with the small

groups, the instructor follows a routine that includes

research-proven effective teaching behaviors. The

instructor continually asks for student responses during

the lesson and assesses student understanding and mas-

tery through those responses, providing feedback, prac-

tice, and error correction after each response. The pace

of the lessons is brisk, but not hurried. Although the

intensity of the lessons is high, with many student–

teacher interactions, the lessons are not long. The idea

is to intensively teach a skill or concept during the les-

sons and follow with student practice on those specific

skills. Student practice occurs immediately following

the lesson, with the teacher providing continuing feed-

back on students’ performance. The students are also

given extended practice, such as homework focused on

skills that they have mastered.

Student-Centered Teaching Strategies

Although instructors will not be directly involved

in all aspects of learning when using student-centered

teaching strategies, they must plan extensively for

these strategies to be successful. Instructor involve-

ment may range from being a close guide throughout

an activity, to an observer noting what students are

discussing, how they are progressing, and if the learn-

ing objective is being accomplished. Many student-

centered teaching strategies have developed from

a constructivist view of learning that emphasizes co-

construction of knowledge through students’ verbal

and experiential interactions.

Peer Learning Groups

Many instructors use student groups as a teaching

strategy. These groups can take a variety of different

forms, from homogeneous to heterogeneous, and be

used for a wide range of learning objectives. Homoge-

neous groups can be skills-based with students at simi-

lar skill levels (e.g., all understand two-digit addition,

but not two-digit subtraction) that are grouped together

for instruction. Homogeneous groups can also be interest

based (e.g., all students with an interest in nonfiction
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books). Heterogeneous groups comprise students with

dissimilar characteristics or interests (e.g., students rang-

ing from first-grade to sixth-grade reading abilities

grouped together or students with different interests in

science in one group).

Skills groupings are homogeneous groups formed

by assessing students’ skill levels in specific content

(i.e., reading) or depth of understanding of a particular

subject (i.e., chemical reactions). Students are identified

and assigned to groups based on those similarities. The

tasks performed within these groups are designed to

match the students’ specific capabilities. Skills group-

ing is a teaching strategy that can be used with strug-

gling as well as with highly capable students.

Interest groupings can be formed based on students’

similar interests so that students can pursue a deeper

understanding in an area of interest (e.g., marine ani-

mals, cars, astronauts). Although students may be at

different skill levels in these groups, their homoge-

neous interests would allow them to work together on

projects or assignments.

Perhaps the most popular heterogeneous grouping

technique used as a teaching strategy today is the

cooperative learning group. These groups are hetero-

geneous because the goal in the formation of the

groups is to have a wide diversity of knowledge and

skill levels represented. Setting up successful coopera-

tive learning groups and tasks involves very specific

techniques. The instructor must set up the learning

task so that there is positive interdependence; that is,

to achieve the learning outcome, all members of the

group are dependent on each performing his or her

assigned task or role. If an individual’s task is not

completed or a role is not fulfilled, that will affect the

entire group’s accomplishment. The roles and tasks

can be assigned according to each member’s abilities

and skills. For example, if one member is unskilled at

writing, that member may be the person who collects

the needed information, but is not required to write.

Another aspect of effective cooperative learning

is individual accountability, in which each member

is not only accountable for a job or task, but also is

accountable to the entire group. Group feedback

forms on how each member contributed to the group

project is one way to promote accountability. Cooper-

ative learning group tasks are structured so that the

process includes face-to-face interaction. If the task is

set up so that students divide the jobs, individually

complete the jobs, and then reconstitute the group,

then the task is not designed for cooperative learning.

Student reflection and goal setting should also be an

integral part of a cooperative learning task.

There are many different types of cooperative

learning techniques, from ‘‘numbered heads together’’

to ‘‘jigsaw’’ techniques. Research has shown that

cooperative learning groups improve understanding

and achievement in all content areas; improve social

interactions and social skills; and promote inclusion

of a diverse set of abilities, interests, and perspectives.

Peer tutoring groups, another heterogeneous group-

ing strategy, involves matching more capable students

with those who are less capable in a given area or skill.

Peer tutoring groups can range from one-on-one tutor-

ials to small groups in which a more capable student

may teach three or four students who demonstrate

lower skill levels or who are in need of more practice.

Peer tutoring is strongly supported by research that

shows it improves both the less capable and highly

capable students’ performance. The instructor must

train students to effectively implement their assigned

tutorial or teaching roles, provide feedback on the

tutors’ performance, and assist the peer tutors in solv-

ing ongoing instructional challenges.

Inquiry, Discovery, and
Problem-Based Strategies

Teaching strategies for inquiry, discovery, and

problem-based learning share similar components.

They are all based on the idea that the instructor has

facilitated student curiosity and interest in an area of

study. The curiosity may have been piqued by a field

trip to a museum, a book, or a lecture. The strategy

involves providing lessons to build students’ background

knowledge and then providing them with a prompt, such

as an interesting question (e.g., How were the pyramids

constructed? How could we make cars better?) or an

authentic problem (e.g., the aquifer is being reduced

at a rate faster than it is being replenished) that

encourages exploration, study, and research. Students

usually work in groups to investigate their question,

collect data, and develop conclusions. The instructor

enhances the group process by providing guidance,

asking additional questions, directing students to infor-

mation and resources, and providing social skills sup-

port. With less capable students, students with little

background knowledge, or those who have not mas-

tered prerequisite knowledge, the instructor may have

to provide more guidance, instruction, and assistance at

every stage of the project.

Teaching Strategies 967



New Developments

Although there are many new developments emerging

from research on teaching strategies, such as brain

studies and culturally responsive teaching, technology

has recently had the greatest impact on how instruc-

tors teach and students learn. Better and more effective

computer software programs designed to facilitate criti-

cal thinking, problem solving, and decision making, as

well as provide practice on basic skills, are being

developed. Projectors in the classroom, the Internet,

personal response systems, online learning, blogging,

Web-based learning, and electronic portfolios are all

affecting instruction and new teaching strategies are

being designed using technology applications.

Darcy Miller

See also Brain-Relevant Education;

Cooperative Learning; Direct Instruction;

Discovery Learning; Education; Expert Teachers;

Precision Teaching
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TEST ANXIETY

Test anxiety, a worried, restless, agitated distress that

results from tests of performance or academic ability,

affects everyone: from athletes, to students, to execu-

tives. Whether it is triggered by an upcoming speech,

an impending athletic competition, a test of curricu-

lum mastery, a college entrance exam, or a critical

business decision, test anxiety can either enhance

performance or hinder it, depending on whether the

triggering event requires physical or intellectual per-

formance. Unlike trait anxiety, which causes worry

and distress over an extended period of time, test anx-

iety is a kind of state anxiety and happens only when

one is in a specific situation requiring performance or

evaluation. Test anxiety has become of particular con-

cern to educators, students, and parents in the United

States since the enactment of No Child Left Behind

(NCLB). Internationally, there is heightened concern

in recent years over academic testing of toddlers and

teens cheating to gain admission into desirable col-

leges. In the United States, under NCLB regulations,

schools face major upheavals if students are not pass-

ing standardized tests at the required levels. In what

follows, the concept of test anxiety is explained, fol-

lowed by an overview of test anxiety and the reason

for concern within the framework of educational psy-

chology and current standardized testing practices.

Understanding Test Anxiety

Sarason called the mental short-circuiting that results

from test anxiety cognitive interference. When cogni-

tive interference happens, emotional fear and uneasi-

ness redirect logical, purposeful thought to distractions

or sometimes reactions. Most people can recall experi-

encing the fight-or-flight response to a challenging or

threatening situation. When cognitive interference

occurs, thinking is replaced with avoidance or illogical

choices that an individual would probably not make if

he or she were able to think clearly. However, when

test anxiety occurs, forethought disappears until the

anxiety or fear diminishes. Then, when the anxiety

reaction subsides, hindsight follows and the typical

individual experiences that ‘‘Why did I do that?’’

remorse.

The emotional overriding of logical thought and

memory retrieval has been visually illustrated through
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